Objective: Evaluating the benefits of metastasectomy and the possible prognostic factors associated with overall survival after surgical treatment. metastasectomy operations were performed on 126 patients (78 males, 48 females), with a median age of 32. Data were examined retrospectively for age, gender, primary tumor histology, number of lesions, operative techniques, resection margins, mediastinal lymph node involvement, time to metastasis, and additional therapies. Effects of possible prognostic factors on 2-year and 5-year survival were then evaluated.
INTRODUCTION
Despite efficient medical and local surgical treatment, primary organ malignancies frequently metastasize. In postmortem studies, it has been shown that more than 30% of cancer patients with an extrathoracic origin have concomitant pulmonary metastases, and a few have sole lung involvement (1) .
Distant malignancy metastases detected in the lung are responsible for less than 5% of all pulmonary neoplasms (2) . Until the first half of the 20 th century, pulmonary metastases were seen almost in 30% of patients, considered as an incurable malignant disease, and therefore, surgery had no place in the treatment modalities. After the 1960s, surgical resection had become a standard treatment of choice, performed with low mortality and morbidity, in selected patient groups with precise indications (3) . Although surgical resection and/or radiotherapy may achieve local control of the primary tumor, the optimal treatment of choice for systemic metastases is still controversial. Patients with just pulmonary metastases have more therapeutic options than those with multiorgan metastases and respond much better to local and systemic treatments, resulting in prolonged postoperative 5-year survival rates as high as 40% to 50% (1, 3) . There are no prospective and randomized trials on the efficacy of pulmonary metastasectomy (PM) in the literature, but this method is still being used with increasing popularity, just because of general conviction (3) . In this study, the prognostic factors and role of metastasectomy operation in metastatic pulmonary lesions are presented, and we assessed whether all patients profit to the same degree or not, in light of recent data in the literature, with regards to our 12-year experience.
METHODS

Patient Selection
All patients undergoing PM between January 2000 and January 2012 in a single thoracic surgery clinic for lung metastasis of various primary malignancies were the cohort of the study. After retrieval of written consent, preoperative postero-anterior chest X-ray and thorax computed tomography (CT) examinations were used routinely for acquiring the most recent nodule count and distribution. The majority of patients was admitted to our clinic from the oncology department, with complete systemic screening for the presence of any extra-thoracic malignancy. The rest of the patients were screened for distant metastasis by a combination of cranial CT with abdominal ultrasonography and bone scintigraphy or since 2005 with positron emission tomography/computed tomography (PET/CT) The standard criteria for PM indications mentioned in the literature were accepted: 1) the patient must be low risk for surgical intervention, 2) the primary malignancy site is under control, 3) there is no additional extra-thoracic metastasis, and 4) all of the lesions are resectable.
Patients who were unsuitable for PM according to the criteria above were not included in the study. Additionally, patients with recurrent PM or who had undergone PM despite an additional solitary cranial or suprarenal metastasis were excluded, as well.
Investigated Variables
Medical files, operational details, and final pathology reports after primary and PM operations of the patients were examined retrospectively. Primary endpoints of the study were tumor recurrence or the death of the patient. Data were classified and analyzed for age, gender, primary tumor histology, surgical approach and operation method, metastatic nodule count, mediastinal lymph node involvement, complete/incomplete resection, disease-free interval (DFI), and additional treatments (chemo-and/or radiotherapy). All medical data were obtained from the institutional computer database, from the oncology department, during routine postoperative follow-ups, and/or by phone calls to patients/relatives. No patient was lost until the primary endpoints.
Statistical Analysis
The primary endpoint of the study was taken as the death of the patient or the appearance of another thoracic and/or extra-thoracic metastasis. DFI was defined as the time from the primary surgery for malignancy to the diagnosis of pulmonary metastasis. The time interval from the time of metastasectomy until the last follow-up or death was taken for calculating survival. Effects of several prognostic factors on 2-year and 5-year survival were evaluated by Cox regression hazard model multivariate analysis. Kaplan-Meier analysis was used to estimate the survival data, with log-rank test for univariate significance. For comparisons of categorical and continuous variables, χ², Fisher exact, or Mann-Whitney U-test was used, and data were given with range or 95% confidence interval (CI) values, where appropriate. All statistical analyses were completed using the Statistical Packages for the Social Sciences (SPSS) software version 15.0 for Windows (IBM; Chicago, IL, USA). The maximum type I error was accepted as 5%, and p values < 0.05 were considered to be statistically significant.
RESULTS
A total of 148 patients were operated on during the period described; 17 patients with a previous PM operation and 2 patients with preoperatively treated solitary cranial metastasis were excluded, and 3 patients had concomitant suprarenal solitary nodules and were also excluded from the study. The remaining 126 patients (48 females, 78 males) underwent 148 interventions and constituted the cohort of our inquiry. Only 20 (16%) of the patients were symptomatic: dyspnea was present in 10, cough was present in 7, and chest pain was present in 3.
The most common surgical approach used was posterolateral thoracotomy (64%; n=95). Median sternotomy was preferred in 10 (7%) operations, video-assisted thoracoscopic surgery (VATS) was preferred in 13 (9%), and bilateral staged thoracotomy was preferred in 30 (20%). Sequential bilateral metastasectomy procedures were counted as a single operation. Wedge resection was the most com- Resectian Type mon type of resection, performed in 66% (n=97) of the patients. Nodule enucleation was sufficient in 43 (29%), where 8 patients (5%) underwent lobectomy. The distribution of surgical approaches and resection types is shown in Figure 1 . The definite pathology report revealed sarcoma, epithelial tumor, and melanoma metastasis in 63, 58, and 5 patients, respectively. The histopathological distribution of the primary tumors is shown in Table 1 . The 2-year and 5-year survival rates were 54% and 21% for epithelial tumors, in addition to 42% and 8% for sarcomas. None of the melanoma patients survived 2 years after the metastasectomy operation in our study. The median postoperative survival for epithelial tumors, sarcomas, and melanomas was 42, 27, and 11 months, respectively. In terms of survival, malignant melanoma patients seemed to have significantly worse survival after PM (p<0.001). The median DFI was found to be 21 months in sarcomas, 32 months in epithelial tumors, and 7 months in melanomas (p<0.001), revealing a significant difference between the groups (Figure 1b ). Further, 28 patients had a single nodule, 44 had 2 or 3 nodules, and 54 patients had 4 or more metastatic nodules removed. The maximum number of metastasis resected from a single patient was 16. Pathologically confirmed solitary metastasis patients had a median survival time (MST) of 30 months (95% CI: 21.1-40.6), with 2-year and 5-year survival rates of 54% and 18%. Among the patients with 2 or 3 lesions, the MST was found to be 18 months (95% CI: 11.1-27.9), with 2-year and 5-year survival rates of 35% and 11%. In patients with 4 or more metastatic lesions, the MST was 15 months (95% CI: 8.8-22.9), with 30% 2-year and 6% 5-year survival rates ( Table 2) . These results confirmed a statistical difference in improved survival in the solitary metastasis group (p=0.012).
Enlarged lymph nodes with suspicion of tumor invasion were dissected peroperatively, and 14% of the patients were found to have mediastinal lymph node involvement (N2). When compared with the non-involved group, the 2-year and 5-year survival rates were 28% and 0% to 54% and 12%, with a significant enhancement of survival in favor of the N0 group (p=0.044) ( Table 2) .
Patients undergoing PM with preoperative and/or postoperative additional therapy (chemo-/radiotherapy) had an insignificantly improved MST in our study. In patients with or without additional treatment, the 2-and-5 year survival rates were 54% and 16% versus 25% and 4% (p=0.124).
When patients with single and multiple PM operations were compared in terms of survival, the 2-year and 5-year survival rates were 44% and 16% (median: 23 months) to 48% and 29% (median: 30 , respectively (p=0.082). Postoperative morbidity was seen in 8 patients (6.3%), respiratory failure was seen in 4, cardiac arrhythmia was seen in 2, and wound infection was seen in 2. Postoperative 30-day mortality was 1.6% (n=2). The cause of fatality was myocardial infarction in 1 patient and respiratory deficiency in the other.
DISCUSSION
According to our findings, patients developing pulmonary metastases do not benefit much from PM operation in terms of postoperative overall survival if the histopathology of the primary tumor is a melanoma, if the DFI is shorter than 12 months, and if there are multiple metastatic nodules or mediastinal lymph node involvement present.
Distant metastases frequently occur in patients with malignant tumors and are indicators of progression of uncontrolled disease. Despite indicating systemic spread of the primary malignancy, the postoperative survival benefit of PM has been proven, and this procedure has been accepted as the treatment of choice in a select group of patients with distant metastases limited only to the lung parenchyma.
These metastatic nodules generally do not cause any symptoms and therefore are incidentally detected on routine follow-ups (2) . Because of their subtle nature, they may be found on screening X-rays (CXR) or on the computed tomography (CT), which can be utilized for lesions obscured on CXR. In different studies of Treasure et al. 5), the symptomatic patient rate was between 13% and 34%. In our study, this rate was 16%, consistent with the literature.
Lien et al. (6) detected pulmonary metastases in almost 50% of non-seminomatous testicular cancer patients, even with no evidence on routine CXR. Magnetic resonance imaging (MRI) has no regular use in detecting metastatic disease. It can only be useful in determining possible neural foramina, great vessel, or mediastinal invasion (7) . In another study by Lucas et al. (8) , the efficacy of 2-deoxy-2-[18F] fluoro-D-glucose (18F-FDG) positron emission tomography/computed tomography (PET/CT) was evaluated in detecting pulmonary metastases in 62 patients with soft tissue sarcoma. The result of their study revealed that its sensitivity was 86.7% and specificity was 100%. In high-risk surgical patients, fine needle aspiration biopsy or a thoracoscopic lung biopsy can be considered for a definitive diagnosis before proceeding to the thoracotomy stage (9) . With any suspicion of a possible nodule, thorax CT is used to verify the exact count and localization of the lesions. For scanning systemic metastases, PET/CT was performed on the last 36 patients of our cohort, instead of the combination of whole-body bone scintigraphy and abdominal CT.
Our study revealed a 72% sensitivity and 80% specificity for PET/CT.
Many studies have been done in order to propound the possible prognostic factors of PM and thus distinguish a subgroup of patients who would benefit most from this operation. Histopathology of the primary tumor has always been thought of as the most important prognostic factor, after PM. In a large series of 5206 patients, Pastorino et al. declared that germ cell carcinomas have the best survival and melanomas have the worst survival after PM operation, indicating the importance of the primary tumor's histopathology, finding an MST of 40 months for epithelial tumors, 29 months for sarcomas, and 19 months for melanoma patients after PM; germ cell tumor patients with distinct prolonged survival (7) . Liu et al. also found a 5-year survival rate of 68% in germ cell carcinoma patients undergoing PM (9) . In an additional study, 5-and 10-year survival rates for metastasectomy patients after epithelial tumors were reported as 47% and 38%, respectively, with a mean survival of 61 months (5) . After examining the results of 130 patients undergoing PM, Dilege et al. reported that soft tissue malignancy was the most common primary tumor in their PM group, and the average disease-free interval was 18.6 months (10) . A review by Treasure et al. revealed that the 5-year survival rate for sarcoma patients after lung metastasectomy was between 25%-34%, which is still considered reasonable survival for a metastatic malignancy (11) . These results, as well as ours, indicate the importance and efficacy of PM for patients with all different types of primary malignancies but melanoma.
The International Registry of Lung Metastasis has confirmed that the number of metastatic lesions, whether single or multiple, is a more precise prognostic factor for postoperative survival (7) . Fewer nodules encountered peroperatively are associated with a better MST (3, 8) . Five-and 10-year survival rates were found to be 43% and 31% in patients with solitary pulmonary metastasis, versus 27% and 19% in patients with 4 or more metastatic lesions, respectively (8) . On the contrary, a few studies showed that there is no major correlation between the lesion count and survival (5, 11, 12) . The median survival of patients in our study with single, 2 to 3, and 4+ metastatic nodules was 30, 18, and 15 months, respectively (p=0.012), revealing a significant difference in overall survival periods between patients undergoing PM for single or multiple pulmonary metastases.
Mediastinal lymph node (N2) involvement is very rare in pulmonary metastatic lesions; however, it is definitely a negative prognostic factor for patients (13) . None of our N2 patients survived 5 years after PM, regardless of their primary tumor. The survival of patients without metastatic lymphatic invasion of different malignancies was found to be approximately 6-fold better than in those with the invasion, indicating the significance of systemic surgical lymphadenectomy in the accurate prediction of postoperative survival after PM (8) .
It is not infrequent that patients with pulmonary metastatic lesions may develop other distant metastases; so, the fundamental of the treatment lies in the systemic control of the disease by radiotherapy and/or chemotherapy. Given the limited number of cases with a relatively short survival period, there are not many studies available for obtaining sufficient evidence on the advantage of these additional treatment modalities on postoperative overall survival. In only a few papers, it has been shown that chemotherapy, combined with surgical resection of the lesions, has a positive effect on postoperative survival for osteogenic sarcoma patients with solely pulmonary metastases (3, 14) . Our results revealed a 3-to 4-fold improvement in 2-and 5-year survival rates of patients receiving additional therapies versus those without any postoperative therapy (54% and 16% versus 25% and 4%). Despite this big diversity, the difference did not reach the significance level (p=0.124), probably due to the unbalanced and low patient distribution of the two groups for the necessary statistical tests.
Being a single-center retrospective study with a limited number of patients was the major limitation of our paper. DFI was taken as the time from the primary surgery and not the date of diagnosis of the primary malignancy, since the data were insufficient. In addition, different chemotherapy agents and regimens have been introduced within the last 12 years, which also may have caused a bias between the patients with the same pathology but different pre-/postoperative treatment courses. More homogeneous trials dealing with the same primary tumor groups and a sufficient number of cases are needed to reveal a more decisive result. Other additional factors, like patient performance status or co-morbidities, which may affect the prognosis, could also be investigated methodically.
CONCLUSION
In light of these findings, we can conclude that surgical resection of pulmonary metastases is a safe and potentially curative option of choice, as broadly accepted in the latest treatment guidelines, if performed with accurate indications. Type of primary tumor, extent of DFI, number of metastatic lesions, and mediastinal lymph node involvement were found to be significant prognostic factors determining postoperative survival in patients undergoing pulmonary metastasectomy. 
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